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Introduction

Lecture of Doug Wick 16 December 2020

Focus on products, products
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Chemical formula
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Coal

Gaseous CO2

Solid Carbonate

ΔH = 11,1 MJ/kg CO2
80%

ΔH = 2,7 MJ/kg CO2
20%

“The ground energy state of carbon 
is a mineral carbonate”

Olivine:
Mg2SiO4 + 2CO2 => 2MgCO3 + SiO2

[∆H = -239.2 kJ/mol]
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Detail olivine composition

Olivine: 93% Mg2SiO4

7% Fe2SiO4

0.3% Nickel

0.3% Chromium
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Products + markets

CO2 sequestration Service
Energy - -
Magnesium-Carbonate Filler
Amorphous Silica Cement replacement
Iron Ore substitute
Nickel Ore substitute
Chromium Ore substitute
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Scaling up: step by step

Step 0: Research 1 kton CO2/yr

Step 1: Experiment, niche markets 5 kton CO2/yr

Step 2: Paper market 50 kton CO2/yr

Step 3: Concrete 500 kton CO2/yr

Step 4: Iron, Nickel, Chromium 5 Mton CO2/yr
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General process

7/15/21 ARPA-E  (Sequestering Carbon with Hybrid Employment of Mineral Assets) 8



Step 2: Paper

. Flow Price/ton Revenue
Throughput: CO2/yr 50 kton 100 27%

Olivine/yr 100 kton -40
Products: MgCO3 90 kton 100 49%

SiO2 45 kton 100 24%
Iron
Nickel
Chromium
Energy 4 MW(th)

.
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2. Paper tests
1st Tests: 
CO2 Cleanup paper
University of Darmstadt
Prof. Schabel:
”The optical properties are better that I 
expected. The retention in the paper is 
quite good”

”But for a first ”shot” I would rate the
results better as positive”



Step 3: Concrete

. Flow Price/ton Revenue
Throughput: CO2/yr 500 kton +50 21%

Olivine/yr 1 Mton -40
Products: MgCO3 900 kton 50 39%

SiO2 450 kton 100 39%
Iron
Nickel
Chromium
Energy 45 MW(th)- -

.
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3. Concrete (Applications in concrete binder systems)
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Confirmation of pozzolanic activity:
it appears to be another SCM (Supplementary Cementitious Material)
permitting replacement of clinker-based ‘traditional cements’ 

àCO2 reductions ≈ 25% w/ combined with OPC

it appears to be a viable ‘precursor’ (component for very-low carbon cements)
combined with alkaline activators: usage in ‘geopolymers’   

àCO2 reductions ≈ 60 - 85% w/ combined with OPC

Recommendations on particle properties
Improvement of size distribution and morphology: improved flow characteristics and mechanical
performance 

J. Kronemeijer  BBA, BSc.ME, MICT
sr. Materials Engineer - Cementitious Composites & MEO



Step 3: CO2 savings
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1st replacment OPC

2nd CO2 used in production
.



Step 4: Iron, Nickel, Chromium

. Price/ton Revenue
Throughput: CO2/yr 5 Mton +50 50%

Olivine/yr 10 Mton -30
Products: MgCO3 9 Mton 5 10%

SiO2 4.5 Mton 5 4%
Iron 900 kton 50 8%
Nickel 45 kton 2000 16%
Chromium 45 kton 2000 16%
Energy 450 MW(th) - -

.
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4 Metal extraction

Confirmation separating Chromium

Iron can be oxidized during operation

First ideas Nickel recovery

Nickel Sulphide ores becoming less common
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Research questions

Scaling up technology Batch -> Continuous
(HPAL, Bayer process)

CO2 sourcing BiCRS, DAC

Economics = Market products Paper ✅

Concrete ✅🔲

Separation products Metals ✅🔲🔲
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Call to action

How to proceed?

Private / Government / Academic research project

Preferred combined EU/US/CA project

Combined funding
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CEO Green Minerals
pol@green-minerals.nl
Tel: +31 6 5130 4842
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